Expertise consists of many different cognitive structures. Lemaire and Siegler (1995) have proposed a four-layered account of expertise from a strategies perspective: Experts have better strategies, tend to use strategies that are better overall more often, are better able to select the circumstances to which a strategy best applies, and are better able to execute a given strategy. Originally, this account came from work in simple, well-defined domains. We explored this account in the complex, ill-defined domain of platoon leadership. In Experiment 1A, we elicited free-text responses to leadership scenarios from novices, intermediates, and experts, finding expertise effects for strategy base rates and choice, but not for strategy existence or the number of strategies used. In Experiment 1B, we used a new group of experts to gather ratings of the execution accuracy of the responses in Experiment 1A and found expertise differences in the ability to execute the same strategies. We propose several elaborations to the original four-layered strategies account of expertise on the basis of these results.
What is the nature of expertise in complex domains?
The research literature has shown that experts have acquired a variety of cognitive structures that contribute to their high levels of performance (for summaries, see Ericsson, 1996; Feltovich, Ford, & Hoffman, 1997; Sternberg & Grigorenko, 2003) . Candidate cognitive structures include greater familiarity with those aspects of situations that facilitate memory (Gobet & Simon, 1996) , better representations that capture the more important features of the domain (Chi, Feltovich, & Glaser, 1981) , access to previous solutions (Logan, 1988) , and well-practiced component skills (Ericsson, Krampe, & Tesch-Römer, 1993) . One general perspective on expertise that we will explore is the strategies perspective, which can include a variety of the different cognitive structures underlying expertise, but organized together in a way that allows for layered predictions.
The most basic instantiation of the strategies perspective is that experts have better strategies than do novices and that this difference in strategy existence explains why experts' performance is higher than that of novices. Here, a strategy is defined as a coherent set of steps for solving a problem in a context in which different coherent sets of steps are possible. For example, older children have a min strategy for adding two numbers (count up from the larger of the two numbers by the smaller amount), whereas younger children use a less sophisticated count-all strategy, and that strategy difference explains, in part, why older children add numbers more quickly (Siegler & Jenkins, 1989) .
Although this basic strategy difference seems quite plausible and parsimonious, it has been shown to be incomplete in research done by Siegler and others in the late 1980s and early 1990s. In particular, in a wide variety of domains, it became clear that every individual possesses multiple strategies at every point in time and that one cannot describe learning or development as the transition from the predominant use of a worse strategy to the predominant use of a better strategy. Instead, learning is more clearly the change from one mixture of strategies to another mixture of strategies (see Siegler, 1996 , for a review).
What did this new conception of strategy use imply for expertise? Lemaire and Siegler (1995) proposed a fourlayered conceptual model, called the adaptive strategy model (ASM) for those aspects of strategies that might differ with expertise. The four layers are strategy existence, strategy base rate, strategy choice, and strategy execution.
On the basis of the strategy existence dimension, one can predict that experts will have some useful strategies that novices do not, although experts and novices will have many strategies in common (Lee & Anderson, 2001; Schraagen, 1993; Schunn & Anderson, 1999; Voss, Tyler, & Yengo, 1983) . For example, studies of the learning of addition have shown that older children (experts) use a retrieval strategy and younger children (novices) rely on a calculate strategy (Siegler, 1988) ; expert air traffic controllers are more likely to use a workload management strategy than are novice air traffic controllers (Seamster, Redding, Cannon, Ryder, & Purcell, 1993) .
The strategy choice dimension posits that experts will be better able to choose the circumstances under which particular strategies should be applied (Schunn, Reder, Nhouyvanisvong, Richards, & Stroffolino, 1997; Siegler 1377 Copyright 2005 Psychonomic Society, Inc.
& Lemaire, 1997) . For example, with serial recall tasks, older children (experts) have been shown to choose a repeated rehearsal strategy more often than do younger children (novices), who also knew the strategy and would have benefited from choosing to use the rehearsal strategy (McGilly & Siegler, 1990) . On the basis of the strategy base rate dimension, one would predict that experts will know which strategies are generally more effective and will tend to select those strategies (Lovett & Anderson, 1996; Lovett & Schunn, 1999; Schunn & Reder, 1998) . For example, in a simple problem-solving task, Lovett and Anderson found that novices learned that one strategy was generally more appropriate than other strategies through experience and began to select that strategy more often overall. Thorndike's (1913) law of effect is essentially the same principle. Note that strategy choice refers to selecting strategies on the basis of features of the situation, whereas strategy base rates refer to selecting strategies not because of the features of the situation, but because of gross overall success patterns across previous experiences.
On the basis of the strategy execution dimension, one would predict that when experts and novices use the same strategy, the experts will use common or shared strategies more quickly and more effectively than will novices (Delaney, Reder, Staszewski, & Ritter, 1998; Lee & Anderson, 2001; Lovett & Anderson, 1996; Rickard, 1997) . For example, Delaney et al. (1998) found that students became faster at executing mental addition algorithms through repeated practice, even when trials on which they had retrieved the answer were excluded. Lemaire and Siegler (1995) validated this overall conceptual model in the domain of the solving of multiplication problems by second graders. They found evidence of differences with expertise in strategy base rates, strategy choice, and strategy execution. They did not find evidence for strategy existence improvements, but the cases in the literature of strategy existence differences led them to assume that the overall four-layer model was useful.
No further work with ASM has been done in studies of expertise, but many important theoretical questions remain. First, what are the relative time courses of the four different layers? Lemaire and Siegler (1995) found no strategy existence differences in their data set. Does that imply that strategy existence differences often apply only at the very earliest stages of development? Assuming that all four kinds of learning are taking place at the same time, with no differential bias or emphasis in the cognitive system, one would logically expect the following.
1. Strategy execution differences should build up gradually and continuously with experience. Work by Delaney et al. (1998) , Rickard (1997) , and others suggests that speed up with practice is due not only to transitions in strategies from compute to retrieve, but also to gradual improvements in the speed of both compute and retrieve actions themselves.
2. Strategy base-rate differences should occur before strategy choice differences, because strategy choice learning requires exposure to a broad set of situations, whereas the strategy base rates can be learned from a smaller (but representative) set of situations. On the other hand, suppose that there was no base-rate learning per se and that any observed base-rate effects were, in fact, just the result of strategy choice learning. In that case, base-rate differences would seem to emerge slowly and subsequent to strategy choice learning.
3. The relative ordering of strategy existence differences with respect to the other changes is unclear. It may be that strategies are discovered first and then the other forms of strategy learning take place. Alternatively, it may be that new, more effective strategies are developed only once a better understanding of a domain had been developed (Siegler & Crowley, 1994) .
This issue of complexity of the domain brings up a second open question about the ASM and expertise: Does the four-layered strategies account apply to more complex domains, especially domains involving the solving of illdefined problems (domains in which the set of possible actions is very open, rather than constrained to a previously determined set, and solutions are not obviously just correct or incorrect)? For example, perhaps one cannot find the clustering of behavior that describes the expert and the novice because the problem solution paths are too open. Alternatively, expertise may more strongly consist of retrieving (and possibly adapting) solutions to past problems, as has been suggested by some (Forbus, Gentner, & Law, 1995; Gobet & Simon, 1996; Logan, 1988) .
Finally, the ASM framing of the strategy existence question may be too narrow. Rather than wondering just about strategy growth, one may wonder about strategy growth and strategy winnowing together. Do experts have more strategies than novices do, or do they perhaps use only a smaller, more effective set of strategies? Work by Alibali and by Siegler suggests that there may be an inverted U-shaped function in which people move through a transitional state in which they use more strategies but then settle on a smaller set of strategies (Alibali & Goldin-Meadow, 1993; Siegler, 1994 Siegler, , 1996 . That work was also done on relatively simple mathematics problem solving. It is unclear that such transitional states will apply to the much more lengthy time course of learning that occurs in the development of expertise in complex, ill-defined problem-solving domains. Moreover, in a simple domain, the set of possible choices of strategies may be relatively constrained, and thus novices may tend to start by using a small set of strategies and then grow a couple of overlooked strategies, until settling on using the best set of strategies. By contrast, in a complex, ill-defined domain, the set of possible strategies may seem overwhelmingly large to the novice, and the whole process of developing expertise may consist of winnowing away unhelpful strategies.
In this article, we attempt to address these open issues about strategy accounts of expertise in the context of an extremely complex, ill-defined problem-solving domain: platoon leadership.
Leadership
Leadership is a prime example of an ill-defined domain; there are almost as many definitions of leadership as there are persons who have attempted to define the concept (Stogdill, 1981) . We define leadership as the process of interpersonal influence in which direct and indirect means are employed to get others to accomplish the organization's goals, where influence is achieved by providing purpose, direction, and motivation (Horvath et al., 1999) . This definition is the definition utilized by the U.S. Army, which has one of the most comprehensive leadership-training programs in the world (Horvath et al., 1999) .
There are also many levels of leadership within the U.S. Army (from commanding 10 to commanding 100,000), each of which demands different skills and behaviors. This study focused on the platoon level of leadership, which is the most direct level of leadership (Horvath et al., 1999) . Direct-level leadership is characterized by face-toface interactions with small groups (20-40 individuals), in contrast to middle-level (organizational) or high-level (strategic) leadership (e.g., battalion, division, or corps), where the group sizes are in the hundreds to thousands of individuals, and the amount of leader-follower interaction is quite small (Hunt, 1991) .
A large percentage of past research on leadership has come from a personality psychology and selection perspective (e.g., Gardner, 1989; Mann, 1959; Stogdill, 1948) , especially more recent work (Borman & Brush, 1993; Fleishman et al., 1991; Lord, De Vader, & Alliger, 1986) . For example, individual differences across multiple personality traits are often cited as significant factors in determining effective leadership (Stogdill, 1981) . In another large percentage of the research on leadership, an attempt has been made to decompose the skills required for leadership. For example, the leadership literature makes a big distinction between direction setting and operational management (Katz & Kahn, 1978; Yukl, 2002) . Finally, part of the leadership literature has sought to characterize the behaviors associated with effective leadership (Engle & Lord, 1997; Hackman & Walton, 1986; Hooijberg & Schneider, 2001; Liden, Wayne, & Stilwell, 1993) . At some level, one might equate those behaviors as strategies (House & Shamir, 1993; Shamir, Zakay, Breinin, & Popper, 1998) . But on the whole, the strategies approach has not been previously applied to the understanding of expertise in leadership; certainly, strategy factors other than strategy existence have not been applied to unpacking expertise in leadership.
We present a two-part experiment examining expertnovice differences in leadership across the four components of the ASM. In Experiment 1A, we examined the existence, choice, and base-rate components; in Experiment 1B, we examined the execution component.
EXPERIMENT 1A
The primary goal of Experiment 1A was to examine relative group differences in strategy existence, choice, and base rate, as well as to look for strategy growth and winnowing. We developed 50 leadership scenariossituations that a platoon leader is likely to encounter in the field. We used these scenarios to collect open-ended, freetext responses from three different groups: novices, intermediates, and experts. We then coded these responses into categories of general leadership strategies. Once the responses were coded into their underlying strategies, we analyzed the different patterns of strategy usage in the three groups.
Method Participants
Experts. Sixty-six U.S. Army lieutenants and captains from two Army bases participated voluntarily. All the experts had commanded a platoon within the last 5 years.
Intermediates. Twenty-three undergraduates enrolled in the Reserve Officer Training Corps (ROTC) program at George Mason University (GMU) were recruited through the ROTC office at GMU. Intermediates received payment for their participation at a rate of $10/h.
Novices. Thirty-nine undergraduates from the University of Pittsburgh with no military experience participated for course credit.
Materials
Leadership scenarios. Leadership scenarios represented situations that a platoon leader is likely to encounter in everyday practice. They were not tactical battle scenarios requiring multilayered, elaborate responses. Instead, they were more local problem-solving scenarios that typically require a single response. Fifty leadership scenarios were developed using two U.S. Army resources. First, 15 scenarios were taken directly from the Tacit Knowledge for Military Leaders: Platoon Leader Questionnaire (TKML: PLQ), a recently developed military leadership assessment tool. Second, the head of the GMU ROTC program helped researchers adapt another 35 scenarios taken from the Army Leadership Tacit Knowledge Corpus (ALTKC), a collection of Army leaders' self-reported leadership experiences. The resulting 50 scenarios covered the main competencies commonly associated with platoon leadership (Horvath et al., 1999 ; see Table 1 ).
Each scenario was designed to require a single strategy, rather than a combination of different strategies within one response. Note that the scenarios contained no military acronyms or other components that might make the scenarios impenetrable to the nonexperts. Here is an example scenario:
Your platoon is going to be deployed for a very long period of time. One of your soldiers requests to stay behind to be with a child who has a life-threatening illness. His position is integral to the mission. How do you respond to his request?
To make the amount of work required of the participants manageable, the 50 scenarios were divided into five subsets of 10 scenarios each (subsets were balanced for competency type), and each participant generated free-text responses to one set (10 responses). Set and scenario order within set were randomly assigned. The scenarios were presented 1 per page, with considerable space for a response. Each response was assumed to reflect the instantiation of a particu- lar leadership strategy, and these responses were the primary source of data for this study. Leadership strategies. Strategy categories were developed to reflect the general kinds of responses that one could, in theory, apply across a wide range of situations but were also specific enough to reflect the core intent of particular responses. Because the leadership literature is heavily focused on the personality and social psychology levels of analysis and on very general styles of leadership, such as transactional versus transformational leadership, we developed our own categorization scheme. Leadership strategies were developed by two raters performing a card sort on a corpus of responses (between 5 and 10 responses per problem) to the 15 problems in the TKML: PLQ. This card sort produced 14 initial categories or strategies. After a preliminary coding of additional responses, it became clear that coders were consistently confusing certain strategies. An analysis of a confusability matrix of coders' disagreements identified overlapping strategies, which were then combined, resulting in 10 distinct strategies. The head of the GMU ROTC program also helped to clarify these strategy definitions. The 10 leadership strategies and brief descriptions are listed in Table 2 , and their full definitions are included as the Appendix. Table 3 shows three different responses to the same scenario, and each response is an example of a different strategy. Note that the definitions of these leadership strategies are quite general and could be applied to other areas of leadership.
Procedure
For the nonexperts, all the experimental materials were presented in the lab via a World-Wide Web browser on a computer networked to a Web server. The expert participants lacked outside network access on the bases and received paper-and-pencil versions of the same tasks. All the participants received as much time as necessary to complete the tasks. The participants were asked to provide a detailed description of how they would handle each given scenario, and there were no limits on the length of their responses.
Data Coding
Strategy use. The primary source of data in Experiment 1 was the participants' open-ended responses to leadership scenarios. The participants typically spent 3-5 min generating a response to each of 10 scenarios, and responses were approximately 80 words long, on average.
Three raters categorized each response as an implementation of 1 of 10 leadership strategies, using the strategy definitions and the open-ended responses with their corresponding scenario (for context). The raters were blind as to the source of any individual response (novice, intermediate, or expert) . If a rater felt that more than one strategy description could apply to a response, he or she identified which strategy was the most dominant.
The raters coded subsets of responses individually and then compared ratings and, after a lengthy training process, obtained a reliability of 85% agreement (measured on an untrained 15% of the data, drawn equally from the three participant types, with raters blind as to source). Then all three raters coded the full corpus, and discrepancies were resolved through discussion.
Ideal response strategies. The assessments of strategy existence, strategy choice accuracy, and strategy base-rate improvements depend on a valid measure of the correctness of answers to our scenarios (at the strategy level). Unfortunately, ill-defined domains, such as leadership, do not come with logically correct answers, as math problems do. Yet, for any particular ill-defined problem, there is usually a consensus among experts that one particular answer is better or more ideal than others. We determined, accordingly, an ideal response strategy for each of our 50 scenarios, using an expert consensus approach. In particular, we used the consensus across the 66 experts in Experiment 1A. An ideal response for each scenario was defined in terms of the experts' modal response strategy for that scenario. In the seven cases in which the modal strategy was a tie, we counted both strategy responses as an ideal. Figure 1 shows a histogram of ideal strategy use across the 50 scenarios. The mean proportion (across scenarios) of experts who responded with each modal strategy was .46 (SD ϭ .17) .
This approach to defining the ideal responses raises a potential circularity in our expert/novice comparisons, because we have guaranteed some similarity between expert and ideal choices. To address this issue, we had three levels of expertise. If the novices differ from the intermediates in the same ways as the intermediates differ from the experts, the results are clearly not the result of a definitional circularity. For example, if intermediates are significantly better on the choice Scenario 37-Competency: Communication At National Training Center (NTC), your platoon has just completed a night move and you have been in position for two hours. A weapon is identified as missing around midnight. You know that the weapon is in this position because it was seen during the previous sensitive item check conducted as part of position improvement. Another sensitive item report is due at 0400. How do you handle this situation?
Response Strategies Proactive Response (Expert) "Immediately, I will take the platoon and sweep the position for the missing weapon. I would also conduct hourly sensitive items checks hourly until 0400 hours." Authoritative Response (Intermediate) "Find the weapon, have a PCI of all sensitive items around the area, check everyone, until it was found. Nobody would go anywhere or go to sleep until it was found." Planned-Action Response (Novice) "I would go get the weapon and go look for it. I would alert the other officers what I was doing and I would go find that weapon if I knew where it was. After all I was just sitting around for 2 hours being useless so I might as well do something. Then I would get some members of my team to go ahead and start working on the sensitive time report so it could be ready in time. If it weren't ready I'd tell them that I was looking for the weapon." measure than are novices, this result cannot be attributed to any problems involved in using expert choices to define the correct answers.
One alternative approach by which this circularity may be addressed is to use another method for defining ideals: use the solutions that were identified in the original sources of the scenarios. The advantage of this method is that it provided a fully independent definition of the correct response. The disadvantage is that the identified strategy may not be the best strategy for the given scenario, because we had to modify many of the scenarios from their original sources: Several scenarios from the TKML: PLQ had to be modified to fit an open-response format, rather than a rating-of-fixed-alternatives format; scenarios from the ALTKC sometimes had to be adapted from a company level of leadership to a platoon level; and sometimes different trade-offs exist at different levels of leadership to produce different ideal solutions. Moreover, the solutions for the ALTKC were described as good solutions that were actually tried, rather than as necessarily the best solutions. Thus, these ideals are likely to be only approximately ideal.
We decided to focus our analyses on the outcome of the first method for generating ideals, because it was more likely to be accurate. But it turned out that the two methods produced similar results. For example, the same four strategies were the most frequent under either method, in the same order of frequency. Because many of our analyses focused on these four strategies, we had similar results regardless of which ideals selection approach was used. In particular, the existence and base-rate analyses were then identical. The strategy execution analyses (found in Experiment 1B) did not depend on the method of ideals selection at all.
The only analysis that was affected by the approach to selecting ideals was that of strategy choice. Unfortunately, strategy choices analyses are also the ones most sensitive to getting the ideal definitions exactly correct, because strategy choice focuses on appropriateness of choice on a scenario-by-scenario basis. However, if our results were produced by the circularity, we would expect to find no differences between novices and intermediates.
Results and Discussion

Strategy Existence
Did experts know some strategies that nonexperts did not? If experts possess strategies that nonexperts lack, we should see this difference in the best strategies, those that were an ideal response across all 50 scenarios most frequently. The four most effective strategies were proactive, authoritative, planned action, and influencing, respectively (see Figure 1) . The same four were most frequently ideals whether one looked at all 50 scenarios or only at the 25 scenarios on which the experts had the highest level of agreement.
Strategy existence was then measured by examining presence (i.e., the occurrence of the strategy for each participant anywhere within his or her 10 responses) for each of the top four strategies (see Table 4 ). Overall, we see no evidence of an increase in the existence of the top strategies with expertise, and if anything, the trend is in the opposite direction [F(2,125) ϭ 1.2, p Ͼ .3]. If one looks at each of the top four strategies separately, there is no hint of change for the proactive and authoritative strategies (Fs Ͻ 1). The observed change for planned action is not significant [F(2,125) ϭ 1.3, p Ͼ .25] and is not in the expected direction. The observed change for the influencing strategy is statistically significant [F(2,125) ϭ 5.6, p Ͻ .01] but, again, is not in the expected direction. In neither case do experts show the existence of more strategies than do novices or intermediates. Thus, we see no evidence for the discovery of new strategies with expertise but, rather, some evidence that the groups chose not to use a strategy that had been used by the groups at lower levels of expertise. In other words, growth in strategy existence appears not to be part of the expertise story in this domain.
Strategy Growth or Winnowing
Related to the question of strategy existence changes is the question of whether the total number of strategies used by the participants changes with expertise, either growing overall or winnowing. Table 5 group. There was no change in the number of strategies used with expertise [F(2,125) Ͻ 1]. Although null results are always problematic, the data do provide some bounds on how large true differences might be. In particular, the 95% CI on the change from novice to expert is [Ϫ0.4, 0.8] strategies, or stated in terms of percentage of change, [Ϫ7%, 14%]. Thus, our results do tell us that this domain contains, at most, a very minor change of either overall strategy growth or strategy winnowing with increasing expertise, if at all.
Strategy Choice
Do experts choose strategies more appropriately than nonexperts do? For each of the top four strategies that an individual used at least once, we computed a vector of ones and zeros to represent each individual's pattern of strategy choices across the given 10 scenarios responded to (chosen ϭ 1, not chosen ϭ 0). We then correlated that vector with the analogous vector for the ideal pattern of choices for the same strategy on the given set of 10 scenarios, including only the participants for a given strategy analysis for whom that strategy was used at least once (i.e., it appeared to exist in their strategy set). The advantage of this approach was that it removed possible differences in strategy existence and strategy base-rate effects from our analysis of strategy choice differences. We repeated this process with each participant for each of the top four strategies. We then examined group differences in appropriate choice accuracy by comparing mean group correlations. We used the top four strategies not because they were better strategies per se, but because they were chosen often enough by most participants to reliably measure choice patterns.
As was expected, we see a progression in the individuals' abilities to make appropriate strategy choices as they gain experience (see Table 5 ). Intermediates chose strategies more accurately than did novices [t(198) It is important to note that the difference in strategy choice accuracy between novices and intermediates is statistically significant and is just as large as the difference between experts and intermediates. This general trend across all three levels of expertise demonstrates that the observed expertise effects on strategy choice cannot be attributed to a circularity in our approach to deriving ideal choices for each scenario.
Strategy Base Rate
Did experts show a stronger overall preference than nonexperts did for generally more effective strategies? Each strategy's base rate was computed by counting the number of times it was an ideal response across all 50 scenarios, which approximates the overall probability of the strategy's being an effective solution to any platoon leadership scenario in general (see Figure 1) . Individuals' base rates of strategy use were computed similarly for each strategy that an individual had in his or her repertoire (i.e., used once or more). Our analyses focused on the ordering of frequency of strategy use. If experts were more sensitive to strategy base rates, we would expect that experts would be more likely to order their frequency of strategy use to the ordering of ideals than would nonexperts. In other words, the experts should use the most effective strategy most often, the second most effective strategy second most often, and so on, whereas novices should use strategies in a manner less consistent with the same ideal order of strategy effectiveness. Again, we focused on the top four strategies because they occurred often enough to be observed reliably in most participants.
In conducting this analysis, we made one minor adjustment, for two reasons. First, the planned action and influencing strategies were ideal strategies close to equally often (seven and six times, respectively). Second, the majority of the participants used one but not both of these strategies, and we did not want to remove a majority of the participants from our analyses. Hence, we defined the ordering in a manner that treated the use of the planned action and influencing strategies as equal. The resulting order was thus defined as using the proactive strategy more than the authoritative strategy (1 Ͼ 2), and using the authoritative strategy more than either the planned action (3) or the influencing (4) strategy. The mean proportion of the participants within each group who followed this maximally base-rate-sensitive ordering of strategy use is shown in Table 5 . The experts were significantly more sensitive to the ordering by strategy base rates than were the novices [t(103) ϭ 2.18, p Ͻ .03], and the intermediates were nominally more sensitive to base-rate order than were the novices, although not significantly so [t(60) ϭ 1.41, p Ͻ .16]; there was no significant difference between the intermediates and the experts ( p Ͼ .7). Thus, we have an effect of expertise on base-rate sensitivity, but the noise levels are high relative to this effect, and the effect is statistically significant only when the extreme points are compared. It is worth noting, however, that these results cannot be attributed to a circularity in our approach to defining ideals for each scenario, because (1) the two approaches to defining the ideal produce identical effects in this analysis (because the two approaches produce the same ideal ordering against which participant responses are compared) and (2) the differences are larger in magnitude between novices and intermediates than between experts and novices, whereas the reverse would be true if the results were due to the circularity problem.
Group Consistency Differences
One might ask how consistent were the responses within each of the groups? Was it the case that the experts were simply more consistent with one another than the intermediates were and that the intermediates were more consistent with one another than the novices were? If expertise simply moved confusion toward a common understanding, one would expect such a reduction in within-group variability in strategy choice. However, it could be that novices come to the task with a particular set of common (mis)conceptions and that experience does not reduce variability but, rather, shifts what the general conceptions are. Such a result would be consistent with Siegler's (1996) claim that strategy variability is prevalent throughout performance.
One additional reason for examining this issue is that it might produce an alternative explanation for our group differences: If the increase in expertise had reduced withingroup variability and we defined correct performance by expert performance, one would expect increasing performance across our various strategy measures simply as a function of increased within-group consistency.
We examined the mean intercorrelations of strategy choices for each of the top four strategies (e.g., did each participant choose planned action on the same set of trials?). We found no group differences in these within-group intercorrelations, overall or within each of the top four strategies. The mean within-group intercorrelations were .23, .17, and .23 for the novice, intermediate, and expert groups, respectively. Thus, the data are consistent with Siegler's (1996) claims of the continued presence of strategy variability and does not support this alternative explanation of our groups' differences on the strategy use measures.
EXPERIMENT 1B
The purpose of Experiment 1B was to examine the fourth layer of the strategies perspective on expertise: expert-novice differences in the ability to execute or instantiate a strategy effectively. One might expect that experts would execute strategies more effectively than nonexperts, even when the same strategies were selected for the same scenarios. To examine this aspect, ratings were gathered from a new group of military experts to assess the execution quality of responses produced by each of the three groups in Experiment 1A.
Rather than having the experts rate all the responses from Experiment 1A, we had them rate a carefully selected subset of the total response set. The advantages of this approach are twofold. First, by having multiple raters rate a common set of items (which would not have been possible if different experts had rated different items in order to cover the full set of responses), we could examine consistency of rating and deal with confused or sloppy raters. Second, we did not want to confound execution with strategy choice or base rates, so we needed to find cases in which different expertise groups were using the same strategies and, thus, only execution could differ.
Method Participants
Twenty-six U.S. Army lieutenants and captains from an army base (different from the two bases used in Experiment 1A) participated voluntarily. All the participants had commanded a platoon in the last 5 years.
Materials
Strategy execution abilities were assessed using a ratings task. For each of the three most frequently ideal strategies in Experiment 1A (proactive, authoritative, and planned action), we selected a set of prototypical responses from each group in Experiment 1A (54 items total). Each response was then combined with its corresponding scenario and strategy to produce ratings items. In order to gather ratings of responses independently of strategy choice, the participants were told that these responses had been produced by getting ROTC cadets to give the best possible implementation of a given strategy to the given scenario. Thus, they were to judge the effectiveness of implementation, not the effectiveness of strategy choice.
The 54 items were divided into two versions of the task, so that each participant evaluated 27 responses. Each set of 27 consisted of 3 responses from each of the three groups (novice, intermediate, and expert) for each of the three strategies (proactive, authoritative, and planned action). To the participants, it looked like 9 responses, all by ROTC cadets, for each of the three strategies. The order of items was blocked by strategy, but items from the different expertise groups were randomly distributed within those blocks. Responses were rated on a 9-point scale in terms of how effectively the given strategy was implemented in response to the given scenario (9 being best and 1 being worst).
Procedure
The participants were randomly assigned one of the two versions of the ratings task. Each version included overall text-based instructions that the researcher read out loud. The instructions emphasized that the task was to rate responses from real ROTC participants who had not been allowed to choose which strategy to use in generating their response to the given scenario. The participants were given as much time as needed to complete the task. Although time was not formally kept, it was informally observed that most of the participants completed the 27 items within 30 min.
Results and Discussion
A few of the participants, feeling some time pressure to get back to work and/or having little interest in participating in this kind of research, appeared not to be fully motivated to participate. It should be also noted that this experiment was conducted during the early invasion period in 2003 of the Iraq war, and many soldiers had their minds focused on upcoming deployments. Moreover, as is always the case with Likert ratings tasks, some participants can confuse the direction of the ratings dimensions. To reduce the impact of low motivation or temporary confusion about the ratings dimensions, we examined the correlations of each participant's ratings with that of the group. We removed participants who were more than two standard deviations away from the mean correlation with average group judgments. This procedure removed 4 of the 26 participants from the remaining analysis. However, the same trends were observed in the removed participants as in the kept participants, just with much higher variance.
Each group's (novice, intermediate, and expert) strategy execution ability was measured by computing the mean expert rating of responses taken from that group (see Table 5 ). Ratings of strategy execution were significantly higher for expert than for novice responses [t(22) 
GENERAL DISCUSSION
In this article, we examined the development of expertise in an ill-defined domain, leadership, in terms of a layered strategies account. Across Experiments 1A and 1B, expertise effects were found for three of the four layers: strategy choice, strategy base rate, and strategy execution. Interestingly, expertise differences were not found in terms of strategy existence.
These findings are interesting because they mirror exactly what was found by Lemaire and Siegler (1995) in their investigation of the four-layered strategy account of expertise in a much simpler, well-defined domain. Here, we will unpack the theoretical consequences of these findings.
Supporting Strategy Accounts of Expertise
First, we take the coherence of the results to lend some support in general to strategy decomposition approaches to expertise in ill-defined problem-solving domains-that is, that strategies are a useful theoretical tool for describing the elements of expertise, including expertise in illdefined problem-solving tasks. Perhaps it does not seem controversial to say that experts have a variety of procedures or approaches and that the strategic deployment of these procedures is an important part of their performance. On the other hand, most current accounts of expertise focus on cognitive elements other than strategies or procedures (e.g., chunks or representations), and there is some value in showing how much can be done within a strategies perspective in at least some domains. At the same time, it is worth noting that there are likely to be connections between strategies and chunks or representations (e.g., a retrieval strategy depends on the existence of chunks to be retrieved).
Do strategies really exist in the mind of the problem solver? One could argue that the organization of solutions into strategies lies within the mind of the researcher. In the case of platoon leadership, different solutions were grouped together into what we called strategies. Have we misrepresented the nature of expertise by grouping behaviors that are, at some level, quite different?
To begin with, it is important to acknowledge the hierarchical nature of strategies. In all situations but the simplest motor tasks, there are, in fact, multiple layers of strategies: One selects a general strategy or approach, and then there are different ways that general strategy or approach can be executed, which constitutes another level of strategy choice.
A diagnostic method for determining whether the posited strategies match what is in the mind of the problem solver is to ask the problem solver. In our case, we consulted with the head of an ROTC program about the definitions of our strategies. Moreover, in Experiment 1B, we gave our definitions to many experts to use, and they did not report confusion about these strategy definitions. In other studies not reported here, we have also given our definitions to ROTC cadets, and they were not confused by the definitions either. Thus, we have some confidence that the strategies we examined do correspond to the ways in which the problem solvers were thinking about the leadership scenarios.
Elaborating the Strategies Account of Expertise
A second implication of our results involves elaborations to the strategy view of expertise. For example, our results suggest that strategy existence differences may not be as important as other factors for some domains, at least over the range of expertise that we examined. As has already been noted, this particular finding mirrors the lack of strategy existence differences for those with expertise found by Lemaire and Siegler (1995) , which was obtained in a very different setting. Given that most descriptions of expertise that mention the word strategy speak of strategy existence differences alone, this result will be important should it prove to be very general. It suggests that what other researchers have taken to be strategy existence differences may, in fact, simply be strategy choice or strategy base-rate differences. We do not wish to claim that strategy existence differences (typically referred to as the results of strategy discovery processes) are never part of expert/novice differences. In many settings, people learn new, more effective strategies (e.g., learning the min strategy in addition; Siegler & Jenkins, 1989) .
Another elaboration of the strategies account of expertise on the basis of our findings relates to the time course of the strategy layer changes. Contrary to what we predicted, strategy execution learning appears to be larger in the early stages of expertise than in later stages, since the differences between novices and intermediates was approximately twice as large as those between intermediates and experts. Although we expected continual improvement in strategy execution with practice, it may be that there are diminishing returns with increasing experience, as one would predict from a power law of learning. By contrast, strategy choice and strategy base rates saw approximately equal learning across the three levels of expertise that were examined. Overall, the observed time course in our data tentatively suggests the following order of strategy learning: (1) very early learning of new strategies, (2) large initial improvements in strategy execution, followed by slower growth in strategy execution quality, and (3) continual improvements in strategy base-rate and strategy choice accuracy. Considerable further research must be done to examine the generality of this proposed time course among the four layers of strategy expertise.
The third elaboration of the strategies account of expertise relates to the growth or winnowing of the overall number of strategies with expertise. Contrary to the previous findings from simpler, well-defined domains, such as elementary or middle-school math problem solving, we found no evidence for change in the total number of strategies used with increasing expertise or, at least, found that any such change must be relatively minor. It may be that complex, ill-defined domains always involve a variety of strategies, but only so many strategies can be effectively practiced. Alternatively, ill-defined domains may not have so many cases in which one strategy is clearly and logically more effective than other strategies, and so there is not as strong a push for strategy winnowing. Further research is required to determine whether other ill-defined domains will also have our observed pattern of no change in the number of strategies used.
A New Theoretical Decomposition of Leadership Expertise
Prior accounts of leadership have placed relatively little emphasis on cognitive structures and, certainly, little emphasis on cognitive structures within a learning framework. The present work shows that productive work can be done from a cognitive perspective in a complex social domain such as leadership. Moreover, nothing about our theoretical framework or set of identified strategy descriptions is logically specific to platoon leadership. Future work should examine expertise in other areas of leadership to see whether similar changes in effective strategy use with these same leadership strategies also accounts for expertise differences.
Caveats
There are several possible alternative explanations for our expert/novice differences in leadership. First, it may be that our results are attributable to a larger circularity in our approach to defining ideals. We did show that our results were not attributable to a direct circularity in using our own expert group data to define ideals for each scenario: The results for existence, base rate, and execution did not depend at all on the use of this approach, and the results for strategy choice were just as strong between novices and intermediates as between intermediates and experts. However, we have not provided an external validation of effective strategy use. That is, rather than showing that experts produced strategy choices that were actually better, we have established only that strategy choices were moving closer to U.S. Army experts' views of what good strategy use involves. Whether truly better performance or not was involved, we have demonstrated a variety of kinds of changes in behavior as a function of developing expertise.
Second, because we have partially confounded age with expertise (the intermediates and the novices were roughly the same age, but the experts were older), it is theoretically possible that some of our observed expertise differences (especially of the experts vs. the other two groups) are the result of maturation, rather than of domain-specific learning.
Third, it may be the case that representational differences determine strategy use differences. For example, perhaps experts represent more features of the problem that allow them to better make strategy choices. However, if training is the goal, focusing on internal representations may be inefficient. By focusing on how these strategies are used, it may be possible to strengthen or modify their underlying internal representation.
There are also three significant components of leadership expertise that were not addressed in this study. First, before any leadership action can be taken, a leader must recognize the need for it. Our scenarios presented situations as problems. Similarly, how an individual represents a problem situation will be an important determinant of how he or she solves it. We did not measure problem representation, at least not directly. Lastly, effective leadership requires the motivation to lead. Although recognition, representation, and motivation are all likely to be important components of leadership, they are separate loci of analysis and were not directly addressed in this study.
